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Young human dermis is charterized by the presence of 
many fibroblasts with distended endoplasmic reticulum, 
extensive Golgi bodies, and orderly and "clean" -appear-
ing groundwork. Older dermis contains inactive fibro-
cytes with lipofuscin-like granules, macrophages with 
dense granules, and extracellular spaces with evidence 
of degeneration. 
We have found the sex skin of cycling pigtail macaques 
(Macaca nemestrina) a predictable model for studies on 
aging changes in human dermis. Swollen sex skin has 
many biochemical and ultrastructural properties that 
are similar to those of young dermis, and deflated sex 
skin resembles older human skin. Sex skin, however, is 
unique in that it becomes "rejuvenated" with each suc-
ceeding ovarian cycle. This animal model may prove 
useful to researchers attempting to increase their under-
standing of aging in connective tissue. 
The dermis is populated by fibroblasts, macrophages, and 
mast cells. Its extracellular spaces consist of the fibrous pro-
teins, collagen, and elastin embedded in an amorphous gel-like 
ground substance. In human beings, the dermis constitutes 15 
to 20% of the total body weight. 
We have examined biopsy specimens from the normal unex-
posed skin of 30 people, 1 week to 75 yr of age. Although we 
have found many individual variations with increasing age, 
certain changes have been predictable in all samples. 
We have made a chance discovery that the sex skin of cycling 
female pigtail macaques (Macaca nemestrina) is a good animal 
model in which to study morphological and biochemical 
changes similar to those in aging human skin. As will be evident 
from the observations that follow, sex skin is a tissue in which 
the changes that occur are relevant to those in the dermis of 
aging human skin. 
AGE CHANGES IN FIBROBLASTS 
Fibroblasts are the predominant cellular components of the 
dermis; they produce most, if not all, of the materials in the 
dermal extracellular space [1,2], i.e., collagen, elastin, and the 
complex mixture of proteins and glycosaminoglycans that make 
up the ground substance. There have been many studies on 
aging changes iIi cultured fibroblasts [3-9] and ultrastructural 
studies on chondroblasts [10,11] and osteoblasts [12,13], which 
are modified fibroblasts. Very little, however, has been reported 
on the changes in dermal fibroblasts in vivo [14,15]. 
The dermis from the skin of young children contains many 
fibroblasts. With increasing age, the number of fibroblasts 
decreases s teadily and appreciably [16-18]. 
Fibroblasts in the skin of a 1-week-old child (Fig 1) have a 
large distended network of endoplasmic reticulum in the cyto-
plasm. The cisternae contain a flocculent material and there is 
an extensive Golgi complex (Fig 2); both of these organelles are 
involved in the synthesis, packaging, and secretion of proteins 
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and polysaccharides [19-21). These young cells resemble the 
active, synthesizing cells described by Porter [22). 
Lipofuscin-like pigment granules, long found in aging cellS 
[23-29], show a decided increase in the cytoplasm of fibroblasts 
in the skin of progressively older people (Fig 3) . The structure 
of these granules resembles that of lipofuscin, but we do not yet 
know if they have the same chemical makeup. 
Older skin contains inactive fibroblasts, or fibrocytes (Fig 4), 
with nuclei that nearly fill the scant cytoplasm. These ceJls 
have very little endoplasmic reticulum or Golgi complex, and 
often contain lipofuscin-like granu les. This ultrastructural def· 
inition is characteristic of cells with relatively little biosynthesis 
[12,22). 
MACROPHAGE 
There are numerous macrophages, 01' "big eaters," in young 
dermis. Among the broad range of activities in which these celiS 
participate, some may be crucial to the maintenance and reo 
modeling of the dermis. Macrophages are active in endocytosis, 
and the products from the degeneration process can often be 
recycled and used to synthesize new materials [2,30]. The cells 
synthesize and secrete such neutral proteinases as the collagen- , 
ases that play;a major role in both normal tissue turnover and 
the destruction of collagen [31). Macrophages also participate 
in the regulation of fibroblast replicative and synthetic activities 
[31,32). I 
With advancing age macro phages filled with dense granuleS 
become more prominent (Fig 4). Montagna, Chase, and Brown 
[33] have made similar observations in the skin of aging hail'less 
mice. These granules accumulate in these cells because theY 
probably contain material that cannot be digested [30). PerhapS 
there is more material in older skin that needs to be digested 
and the "garbage"accumulates, but it is possible also thllt 
macrophages are no longer as efficient as in young skin. 
CHANGES IN THE EXTHACELLULAR MATRIX 
A number of authors have called attention to aging changeS 
in the extracellular fibrous elements of the dermis [1,34-36]. 
We have also observed a decrease in the general organization of 
the extracellular space with age. Collagen and elastic fibers are 
very fine and delicate in young dermis (Fig 5A) . The ground' 
work is orderly and "clean." In contrast, older dermis contains 
increasingly dense elastic fibers and the ground substance coP' 
tains an amorphous material that appears to consist of degen' 
eration products (Fig 5B). 
SEX SKIN OF PIGTAIL MACAQUES 
In our study on the sex skin of cycling female pigtail ma-
caques, it has become apparent that many of its chemical a~d 
ultrastructural elements [37,38] are similar to those found IP 
aging human dermis. 
Figure 6A shows the fully swollen sex skin of a pigtail mil' 
caque. Swelling and detumescence (Fig 6B) depend upon levels 
of plasma estrogen and progesterone [39], and the 2 processes 
parallel the ovarian and uterine cycles. Estrogen triggers swep' 
ing; the skin becomes very smooth and shiny, and reaches JI;5 
peak at about the time of ovulation. 
During the swelling phase (Fig 7), the fibroblasts are siInila!' 
to those found in young human skin. The cells are characterized 
by large cytoplasmic extensions filled with distended endoplaS' 
mic reticulum and active Golgi complexes (Fig 8). 
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~:~ 1. F~broblast from the dermis of a l -week-old child (x 7,020) . . . .. . 
Gol ' 2. Fibroblast cytoplasm from the same biopsy specimen shown 111 Fig 1. Note the flocculent maten alm the cisternae and the extensive 
F~l complex (x 26,000) . 
F G 3. Dense lipofuscin-like granules (arrows) in a fibroblast from the dermis of a 50-yr-old man (x 7,480). 
den IG 4. Por tions of a fibrocyte (F) and macrophage (N!) in a biopsy sample from a 70-yr-old man. T he amorphous material in the groundwork, 
se granules (arrows) in the macrophage, a nd scanty cytoplasm are typical of older skin (x 8,160). 
FI G 6. Sex s kin of a fe ma le pigta il macaque. A , swoHen phase. B, 
detumescent stage. 
FIG 5. Dermal extracellular space. A , biopsy sample from a 4-yr-old 
child . The collagen (C ) and elastic fibers (E) a re fine and delicaLe (x 
8,840) . B , biopsy sample from a 70-yr-old man. The elastic fibers have 
become increasingly dense with age, a nd Lhe ground substance conta ins 
degenerative material (x 8,740). 
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FIG 7. Fibroblast from a biopsy sample of sex skin from a female pigtail macaque in the swelling phase (x 3,520) . . 
FIG 8. Cytoplasm of a fibroblast from a biopsy sample of sex skin from a female pigtail macaque in the swelling phase. Note the extensive 
endoplasmic reticulum (x 22,400). 
F I G 9. Inactive fibrocyte in the dermis of sex skin from a female pigtail macaq ue in the detumescent phase (x 7,840). 
FIG 10. Extracellular space of sex skin from a female pigtail macaque in the refractory stage. Degenerative material is indicated by arro/liS 
(x 8,400). 
FIG 11. Macrophage in the dermis of sex skin from a female pigtail macaque in the detumescent phase. Lysosomes (arrows) at various stageS 
of hydrolysis are promin~nt in these ~eL\s during this portio~ of the ~ycl~ (x 18,200) .. .. .ed 
FIG 12. Macrophage Il1 the dermis of sex skll1 from a female pigtail macaque m the detumescent phase. Note the lTagments of Il1gest 
collagen fibers within t he macrophage (x 22,000). 
I 
JUly 1979 
UNEXPOSED YOUNG HUMAN SKIN 
Active fibroblasts 
Few macrophages with dense lysosomal granules 
Extracellular space organized and "clean" 
Increase in hyaluronic acid leading to high 
water- binding capacity [41, 42] 
I ncreased co llagen synthesis 
Smooth outer s ur face 
NONHUMAN SEX SK IN (SWELLING PHASE) 
Act ive fibrob lasts 
Few macrophages with dense granules 
Extr 1 ace lular space organized 
~ncrease in hyaluronic acid l eadi ng to high 
ater -b i nding capaci ty [ 37, 4 3 ] 
Incre ased collagen synthesis 
SmOoth s kin s urface 
AGING MODEL FOR UNEXPOSED HUMAN DERMIS 
UNEXPOSED AGED HUMAN SKIN 
Relatively inactive fibrocytes 
Many macrophages with d e nse granules 
Degenerative material in the extracellular space 
Decrease in hyaluronic acid l eadin g to low 
water-binding capacity 
Decreased collagen synthesis 
wrinkle d skin surface 
NONHUMAN SEX SKIN (DETUMESCENT PHASE ) 
Inactive fibrocytes 
Many macrophages with lysosoma l g ranules 
Degenerative material i n the extracellular space 
Decrease i n hyaluronic ac id leading to l ow 
water-binding capacity 
Decreased co llagen syn t hesis 
Wrinkled skin s u rface 
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gly~1G 13: Changes in the unexposed human dermis with age and cyclic changes in the sex skin of Macaca nem.estrina. Hyaluronic acid is a 
ftrrnosanunoglycan synthesized by the fibroblasts. This molecule, which can bind large amounts of water, is generally assumed to give the skin its 
appearance. 
Figure 6B h whi h Sows th e sex skin during the detumescent phase, 
skinc b~orresponds to the ova~'ian luteal phase. At t~is time ~he 
inact' comes rough and wnnkled , and the dermis con tains 
is si I~e fibrocytes (Fig 9) . The ultrastructure of th e fibrocytes 
Them a1' to that of the fibro cytes in t he s kin of older people. 
The cytoplasm is scanty, and there are few synthetic organelles. 
etatiextraC~llular space (Fig 10) contains the products of degen-
Ptom~n, which are, no doubt, phagocytized. M acrophages h ave 
eYcl ~.nt, dense lysosomal granules during this por tion of the 
ingee t Ig 11). The macrophage in Fig 12 contains fragm ents of 
sign~~d collagen fibers. In ~pite ?f ~ome controversy over th e ' 
e ha ance of the collagen fibers inSide macrophages, Melcher, 
that ' and Svoboda [40] have demonstrated in serial sections 
Collagen fibers are actually inside cell vesicles. 
T CONCLUSIONS 
humhe cha.nges that occur with age in t he dermis of unexposed 
Pigta~n skm and those that occur in t he sex skin of cycling 
hum ma.caques are compared in Fig 13. Young, unexposed 
Phol an. skin and swollen sex skin ar e biochemically and mor-
to de~~~ally simil.ar. And old.er u~exposed huma n skin is simil~r 
aging h ed sex s~n . The ~~Jor ?Ifference IS tha~ the changes In 
Skin uman skm are u111du'ectJOnal bu t those In macaque sex 
new ate I CYclical. Sex skin become~ "rejuvenated" with each 
cyc e. . 
We b ]' 
as, "Whe le~e t hat th e sex skin may h e lp a nswer such questions 
dU'ect] at ~actors regu late fibroblast synthesis?" "Do hormones 
tnesse y Stimulate th e fibroblast, 0 1' are there intermediate 
ngers?" "What factors inhibit t he hydrolytic enzymes in 
th e extracellulaJ' space?" "What controls th e turnover r ate of 
the products of the fibroblast?" " What are the roles of m ast 
cells and macrophages?" "Are t he changes in the extracellular 
space brough t about solely by fibroblasts, or ar e these extracel-
lular phenomena?" The most pertinent question is: "What aJ'e 
the cellular and noncellular factors t hat regulate th e rem odeling 
of the extracellular space in the dermis a nd restore th e you t hfu l 
appearance to skin?" FUl'ther resear ch on sex skin m ay provide 
a nswers t hat will h elp us understand t he causes of fibroblast 
aging. 
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to Janina Ely for careful editing of the manuscript, and to Marg~ 
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